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the moon in pafling from A to I will continually change the 
plane of her motion. In what manner this change proceeds, 
1 fhall now particularly explain. 


25. Ler the plane, which touches the line AKT in the point 

K (in fig.gg.) interfeét the plane of the earth’s orbit in the line 
LIM. Then, becaufe the line AKI is concave to the plane 
ABG, it falls wholly between that plane, and the plane which 
touches it in K; fo that the plane MK Lwill cut the plane AEC, 
before it mects with the plane of the earth’s motion; fuppofe 
in the line YT, and the point A will fall between K and L. 
With a femidiameter equal to TY or TL defcribe the femi- 
circle LY M. Now to a fpectator on the carth the moon, when 
in A, will appear to move in the circle AECF, and, when in 
K, will appear to be moving in the femicircle LYM. The 
carth’s motion is performed in the plane of this {cheme, and 
to a fpeétator on the earth the fun will appear always moving 
in that plane. We may therefore refer the apparent motion 
of the fun to the circle ABCD, defcribed in this plane about 
the earth. But the points where this circle, in which the 
fun feems to move, interfects the circle in which the moon 
is fecn at any time to move, are called the nodes of the meon’s 
orbit at that time. When the moon is feen moving in the cir- 
cle AECD, the points A and C are the nodes of the orbit ; 
when fhe appears in the femicircle LYM, then L and M are 
the nodes. Now here it appears, from what has been faid, 
that while the moon has moved from A to K, one of the 
nodes has been carried from A to L, and the other as much: 
from CtoM. But the motion from Ato L, and from C to 
4: M, is 
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M, is backward in regard to the motion of the moon, which 
is the other way from A to K, and from thence toward C. 


26. Fartruerthe angle,’ which the plane, wherein the 
moon at any time appears, makes with the plane of the earth's 
motion, is called the inclination of the moon’s orbit at that 
turte. And I fhall now proceed to fhew, that this inclina- 
tion of the orbit, when the moon is in K, is lefs than when 
fhe was in A; or, that the plane LYM, which touches the 
line ef the imoon’s motion in K, makes a lefs angle with the 
plane of the earth’s motion or with the circle ABCD, than 
the plane AEC makes with the fame. The femicircle 1. YM 
interfedts the femicircle AEC in Y; and the arch AY is lef 
than LY, and both together lefs than half a circle. But it is de- 
monftrated by, the writers on that part of aftronomy, which ig 
called the doétrine of the {phere, that when a triangle is made, 
as here, by three arches of circles AL, AY, and YL, the angle 
under YAB without the triangle is greater than the angle under 
YLA within, if the two arches AY, YL taken together do 
not amount to a femicircle ; if the two arches make a com- 
plete femicircle, the two angles will be equal; but if the two 
arches taken together exceed a femicircle, the inner angle un- 
der YA is greater than the other *. Here therefore the two 
arches AY and LY together being lefs than a femicircle, the 
angle under AL ¥ is lefs, than the angle under BAE. But 
from the doétrine of the {phere it is alfo evident, that the an- 
gle under ALY is equal to that, in which the plane of the 


* Menelai Sphaeric. Lib, I. prop. 1c. 
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circle LYK™M, that is, the plane which touches the line AK 
G Hin kK, is inclined to the plane of the earth's motion ABC; 
-and the angle under B AE is equal to that, in which the plane 
AEC is inclined to the fame plane. Therefore the inclina- 
tion of the former plane is lefs than the inclination’ of the latter. 


27. Suppose now the moon to be advanced to the point 
G (in fig. 100.) and in this point to be diftant from its node 
a quarter part of the whole circle; or in other words, to be’ 
in the midway between its two nodes. And in this cafe the 
nodes will have receded yet more, and the inclinatien of the 
arbit be ftill more diminifhed : for fuppofe the line AKGHI 
to be touched in the point G by a plane paffing through the 
earth T: let the int-rfeétion of this plane with the plane of 
the earth’s motion be the line WTO, and the line ‘T'P its in- 
terfection with the plane LK M. In this plane let the circle 
NGO be defcribed with the femidiameter T P or NT cutting 
the other circle LK Min P. Now the line AKGI is convex 
to the plane LKM, which touches it in K; and therefore the 
plane NGO, which touches it in G, will interfeé the other 
touching plane between G and K; that is, the point P will fall 
between thofe two points, and the plane continued to the 
plane of the earth’s motion will pafs beyond L; fo that the 
points N and 0, or the places of the nodes, when the moon 
is in G, will be farther from A and C than Land M, that is, 
will have moved farther backward. _Befides, the inclination 
of the plane NGO te the plane of the earth’s motion ABC 
is lefs, than the inclination of the plane L.K M to the fame; for 
here alfo the two arches LP and NP taken together are lefs 


than 
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than a femicircle, each of thefe arches being lefs than a quar- 
ter of acircle; as appears, becaufe GN, the diftance of the 
moon in G from its node N, is here f{uppofed to be a quarter 
part of a circle. 


28. Arrer the moon is paffed‘veyond G, the cafe is altcred ; 
forthen thefe arches will be greater than quarters of the circle, 
by which means the inclination will be again increafed, tho’ 
the nodes ftill go on to move the fame way. Suppofe the 
moon in H, (in fig.1o01.) and that the plane, which touches 
the line AKGI in H, interfeéts the plane of the earth’s mo- 
tion in the line QTR, and the plane NGO in the line Ty, 
and befides that the circle QHR be defcribed in that plane ; 
then, for the fame reafon as before, the point v will fali be- 
tween H and G, and the plane RVQ will pafs beyond the 
laft plane OVN, caufing the points Qand R to fall farther 
from Aand Cthan Nand 0. But the arches NV, VQ are 
each greater than a quarter of a circle, N V the leaft of them 
being greater than GN, which is a quarter of a circle; and 
hig the two arches NV and VQ together exceed a f{e- 
micircle ; confequently the angle under BQV will be greater, 
than that under BN Y. | 


29. In the laft place, when the moon is by this attra- 
ction of the fun, drawn at length into the plane of the earth’s 
motion, the node will have receded yet more, and the incli- 
nation be fo much increafed, as to become fomewhat more 
than at firft: for the line AKGHI being convex to all the 
planes, which touch it, the part HI will wholly fall between 

Ee the 
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33. Ler AGCH (infig.103.) bea circle defcribed in the 
plane of the earth’s motion, having the earth in T for its center. 
Let the point oppofite to the fun be A, and the point G a fourth 
part of the circle diftant from A. Let the nodes of the moon's’ _ 
orbit be fituated in the line BT D, and B the node, falling be- 
tween A, the place, where the moon would be in the full, 
and G the place where the moon would be in the quarter. 
Suppofe BEDF to be the plane, in which the moon effays to 
move, when it proceeds from the point B. Becaufe the moon 
in Bis more diftant from the fun than the earth, it fhall be: 
lefs attracted by the fun, and fhall not defcend towards the 
fun fo faft as the earth: confequently it fhall quit the plane 
BEDF, which we fuppofe to accompany the earth, and de- 
{cribe the line BIK convex thereto, till fuch time as it comes 
to the point K, where it will be in the quarter: but from 
thenceforth being more attracted than the earth, the moon 
fhall change its courfe, and the following past of the path 
it defcribes fhall be concave to the plane BED or BED, 
and fhall continue concave to the plane BG D, till ,it crofies: 
that plane in L, juftas in the preceding cafe. Now I fay, 
while the moon is pafling from B to K, the nodes, contrary 
to what was found in the foregoing cafe, will proceed for- 
ward, or move the fame way with the moon’; and at the 
fame time the inclination of the orbit will increafe >. 


34. Wuen the moon is in the point 1, let the plane 
MIN pals through the earth T, and touch the path of the 


4 Vid. Newt. Princ, Lib. III. prop 30 p.440. » Ibid: Lib, I. prop. 66, coroll, «, 
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moon in I, cutting the plane of the earth’s motion in the line 
MTN, and the plane BED in the line TO. Becaufe the line 
BIK is convex to the plane BED, which touches it in B, the 

‘plane NIM muft crofs the plane DEB, before it meets the 
plane CGB3 and therefore the point M will fall from B to- 
wards G, and the node of the moon’s orbit being tranflated 
from B to M is moved forward. 


35. I say farther, the angle under OMG, which the 
plane MON makes with the plane BGC, is greater than the 
angle under OBG, which the plane BOD makes with the 
fame. ‘This appears from what has been already explained 5. 
becaufe the arches BO, OM are cach lefs than the quarter of 
acircle, and therefore taken both together are lefs than a fe- 
micircle. 


36. Acain, when the moon is come to the point K in 
its quarter, the nodes will be advanced yet farther forward, 
and the gnclination of the orbit alfo more augmented. Hi- 
therto ‘jh moon’s motion has been referred to the plane, 
which* pafling through the earth touches the path of the 
moon in the point, where the moon is, according to what 
was afferted at the beginning of this difcourfe upon the 
nodes, that it is the cuftom of aftromomers fo to do. But. 
here inthe point K no fuch plane can be found ; on the contra- 
ry, fecing the line of the moon’s motion on one fide the point 
K is convex to the plane BED, and on the other fide con~ 
cave to the fame, no plane can pafs through the points T and 

but wilfcut the line BK Lin that point. Therefore inftead. 
of 
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of fuch-a touching plane, we muft here make ufe of what is 
equivalent, the plane PKQ, with which the line BKL fhall 
make a lefs angle than with any other plane; for this plane 
does as it were touch the line BK in the point K, fince it YoY 
cuts it, that no other plane can be drawn {o, ‘as to pafs */, 
tween the line BK and the plane PKQ. But now it is evi- 
-dent, that the point P, or the node, is removed from M to- 
wards G, that is, has moved yet farther forward; and it is 
likewife as manifeft, that the angle under KPG, or the in- 
clination of the moon’s orbit in the point K, is greater than 
the angle under I MG, for the reafon fo often afligned. 


37. Arter the moon has paffed the quarter, the path of 
the moon being concave to the plane AGCH, the nodes, as 
in the preceding cafe, fhall recede, till the moon arrives at 
the point L; which fhews, that confidering the whole time 
of the moon’s paffing from B to L, at the end of that time the 
nodes fhall be found to have receded, or to be placed back- 
warder, when the moon is in L, than when it was{in B. For 
the moon takes a longer time in pafling from K t&L, than 
in paffing from B to K ;_ and therefore the nodes continue to 
recede a longer time, than they moved forwards; fo that their 
recefg muft furmount their advance. 


38. In the fame manner, while the moon is in its paflage 
from K to L, the inclination of the orbit fhall diminihh, till 
the moon comes to the point, in which it is one: quarter 
part of a circle diftant from its node ; fuppofe i in the point 
R; and from that time the inclination fhall again ince - 

ene 
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Since therefore the inclination of the orbit increafes, while 

the moon is, paffing from B to K, and diminifhes itfelf a- 
gain only, while the moon is paffing from K to R, and then 
'atigments again, till the moon arrivein L; while the moon is 
puffing front B to L, the inclination of the orbit is much more 
increafed than diminifhed, and will be diftinguifhably greater, . 
when the moon is come to L., than when it fet out from B. 


39. In like manner, while the moon is paffing from L on 
the other fide the plane AGCH, the node fhall advance for-- 
ward, as long as the moon is between the point L and the next: 
quarter; but afterwards it fhall recede, till the moon come 
to pafs the plane AG CH again in the point v, between B and 
A: and becaufe the time between, the moon’s pafling from 
L to the next quarter is lefs, than the time between that quar~ 
ter and the moon’s coming to the point V, the node {hall 
have more receded than advanced ;. fo that the point V will 
be nearer to A, than ListoC. So sl the inclination of the 
arbit, when the moon is in V, will be greater, than when the 
moon, of at L; for this inclination increafes all the time the 
moon ‘s between L and the next quarter; it: decreafes only - 
while the moon is paffing from this quarter to the mid way 
between the two nodes, and from thence increafes again du-. 
ring the whole paflage through the other half of the way to. 
-the next node, 


4.0. Tuus we have. traced the moon from her node in- 
the quarter, ang fhewn, that at every period of the.moon the 


“ites will fave eel ,, and thereby will have approached 
toward 
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toward a conjundtion with the fun. But this conjundtion will 

be much forwarded by.the vifible motion of the fun itfelf. 

In the laft {cheme the fun will appear to move from § to- 

ward W. Suppofe it appeared to have moved from S to W;" 
while the moon’s node has receded from B to V, then drawing 
the line W T X, the arch V X will reprefent the diftance of the 

line drawn between the nodes from the fun, when the moen 

is in V; whereas the arch BA reprefented that diftance, when 

the moon wasin B. ‘This vifible motion of the fun is much’ 
greater, than that of the node ; for the fun appears to revolve 

quite round each year, and the node-is near 19 years in mak- 

ing one revolution. We have alfo feen, that when the node 

was in the quadrature, the inclination of the moon’s orbit de- 

creafed, till the moon came to the conjunction, or oppofi- 

tion, according to which node it fet out from ; but that af- 

terwards it again increafed, till it became at the next node ra- 

ther greater than at the former. When the node is once re- 

moved from the quarter nearer to a conjunction with the fun, 

the inclination of the moon’s orbit, when the mdon comes 

into the node, is more fenfibly greater, than it was irkthe node 

preceding ; the inclination of the orbit by this means more 

and more increafing till the node comes into conjunétion with 

the fun; at which time it has been fhewn above, that the fun 

has no power to change the plane of the moon’s motion ; and 

confequently has no effect either on the nodes, or on the in- 

clination of the orbit. 


41. As foon as the nodes, by the aftina of the fon, are 
got out of conjunétion toward the other quarters}: they Begia 
again 
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again to recede as before; but the inclination of the orbit in 
the appulfe of the moon to each fucceeding node is lefs than 
at the preceding, till the nodes come again into the quar- 
ters. This will appear as follows. Let A (in fig. 204.) re- 
prefent one of the moon’s nodes placed between the point 
of oppofition B and the quarter C. Let the plane ADE pafs 
through the earth T, and touch the path of the moon in A. 
Let the line AFGH be the path of the moon in her paflage 
from A to H, where fhe croffes again the plane of the earth’s 
motion. This line will be convex toward the plane ADE, till 
the moon comes to G, where fhe is in the quarter ; and after 
this, between G and H, the fame line will be concave toward. 
this plane. All the time this line is convex toward the plang 
ADE, the nodes will recede; and on the contrary proceed, 

while it is concave to that plane. All this will eafily be con- 
ceived from ‘what has been before {o largely explained. But 
the moon is longer in pafling from A toG, than from GtoH ; 
therefore the nodes recede a longer time, than they proceed ; 
confequently upon the whole, when the moon is arrived at 
H, the,nodes will have receded, that is, the point H will fall 
betwe€n Band E. The inclination of the orbit will decreafe, 
till the moon is arrived to the point F, in the middle between 
AandH. Through the paflage between F and G the incli- 
nation will increafe, but decreafe again in the remaining part 
of the:paflage from G to H, and confequently at H muft be 
lefsthan at A. The like effects, both in refpeét to the nodes 

and inclination of the orbit, will take place in the following 

paflage ail on the other fide of the plane ABE C, 


‘tin H, tiff it comes over that plane again in I. 
Ff 42 THUS 
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4.2. Trius the inclination of the orbit is greateft, when 
the line drawn between the moon’s nodes will pafs through 
the fun; and leaft, when this line lies in the quarters, efpecial- 
ly if the moon at the fame time be in conjunction with the 
fun, or in the oppofition. In the firft of thefe cafes the nodes 
have no motion, in all others, the nodes will each month 
have receded: and this regreffive motion will be greatefty 
when the nodes are in the quarters; for in that cafe the nodes 
have no progreffive motion during the whole month, but in 
all other cafes the nodes do at fome times proceed forward, 
viz. whenever the moon is between either quarter, and the 
node which is lefs diftant from that quarter than a fourth 
part of a circle. 


4.3. Ir now remains only to explain the irregularities in 
the moon’s motion, which follow from the elliptical figure 
of the orbit. By what has been faid at the beginning of this 
chapter it appears, that the power of the earth on the moon 
aéts in the reciprocal duplicate proportion of the diftance: 
therefore the moon, if undifturbed by the fun, ee move 
round the earth in a true ellipfis, and the line drawn from 
the earth to the moon would pafs over equal {paces in equal 
portions of time. That this defcription of the {paces is 
altered by the fun, has been already declared. It has alfo 
been fhewn, that the figure of the orbit is changed each 
month; that the moon is nearer the earth at the new and 
full, and more remote in the quarters, than it would be with- 
out the fun. Now we muft pais by thefe monthly changes, 
and confider the effect, which the fun will have in the differ- 

ent 
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ent fituations of the axis of the orbit in refpect of that lu- 
minary. 

44. Tue adtion of the fun varies the force, wherewith 
the moon is drawn toward the earth; in the quarters the 
force of the earth is directly increafed. by the fun; at the 
flew and full the fame is diminifhed; and in the interme- 
diate places the influence of the earth is fometimes aided, and 
fometimes leffened by the fun. In thefe intermediate places 
between the quarters and the conjundtion or oppofition, 
the fun’s action is fo oblique to the aétion of the earth on 
the moon, as to produce that alternate acceleration and re- 
tardment of the moon’s motion, which I obferved above 
to be ftiled the variation. But befides this effe&, the power, 
by which}the earth attraéts the moon toward itfelf, will not 
be at full liberty to a with the fame force, as if the fun 
acted not at all on the moon. And this effeét of the fun’s 
action, whereby it corroborates or weakens the action of the 
earth, it here only to be confidered. And by this influence 
of the fun it comes to pafs, that the power, by which the 
moon is impelled toward the earth, is not perfeétly in the re- 
ciprocal duplicate proportion of the diftance. Confequently 
the moon will not defcribe a perfect ellipfis. One particular, 
wherein the moon’s orbit will differ from an ellipfis, con- 
fifts in the places, where the motion of the moon is perpen- 
dicular to the line drawn from itfelf to the earth. In an 
ellipfis, after the moon fhould have fet out in the direction 

ndic this line drawn from itfelf to the earth, 
and at its greateft diftance from the earth, its motion would 
7 Ff 2 again 
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again become perpendicular to this line drawn between it- 
felf and the earth, and the moon be at its neareft diftance 
from the earth, when it fhould have performed half its pe- 
riod; after performing the other half of its perjod its mo- 
tion would again become perpendicular to the foremention- 
ed line, and the modn return into the place whence it fet out, 
and have recovered again its greateft diftance. But the moon 
in its real motion, after fetting out as before, fometimes makes 
more than half a revolution, before its motion comes again 
to be perpendicular to the line drawn from itfelf to the earth, 
and the moon is at its neareft diftance ; and then performs 
more than another half of an intire revolution before its mo- 
tion can a fecond time recover its perpendicular dire¢tion to: 
the line drawn from the moon to the earth, andthe moon: 
arrive again to its greateft diftance from the earth. , At other 
times the moon will defcend to its neareft diftance, before it. 
has made half a revolution, and recover again its greateft di- 
ftance, before it has made an intire revolution. ‘Thhe place,. 
where the moon is at its greateft diftance from the cal is cal]- 
ed the moon’s apogeon, and the place of the leaft téftance 
the perigeon. This change of the place, where the moon 
fucceffively comes to its greateft diftance from the earth, is 
ealled the motion’of the apogeon. In what’manner the fun. 
caurfes the apogeon to move, I fhall now endeavour to explain.. 


45. Ovr author fhews, that if the moon were attract+ 
ed toward the earth by a compofition of two powers, one 
.ef which were reciprocally in the duplicaté~pzrportion_of 
the diftance from the earth, and the other reciprocally 


in 
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in the triplicate proportion of the fame diftance ; then, 
though: the line defcribed by the moon would not be in 
reality an ellipfis, yet the moon's motion might be perfectly 
explained by an ellipfis, whofe axis fhould be made to move 
round the earth; this motion being in confequence, as aftro- 
nomers exprefs themfelves, that is, the fame way as the moon 
itlelf moves, if the moon be attracted by the fum of the two 
powers ; but the axis muft move in antecedence, or the con- 
trary way, if the moon be acted on by the difference of thefe 
powers. ‘What is meant by duplicate proportion has been 
often explained; namely, that if three magnitudes, as A, B, 
and C, are forelated, that the fecond B bears the fame pro- 
portion to the third C, as the firft A bears to the fecond 
B, then the proportion of the firft A to the third C, is the 
ciple the proportion of the firft A to the fecond B, 
Now if af fourth magnitude, as D, be affumed, to which C 
fhall bear the fame proportion as A bears to B, and Bto C, 
then the proportion of A to Dis the triplicate of the pro- 
portion of A to B. 


~ 40.. THE way of reprefenting the moon's motion in 
this cafe is thus. T denoting the earth (in fig. roys,106. ) 
fuppofe the moon in the point A, its apogeon, or greateft 
diftance from the earth, moving in the direction AF per- 
pendicular to AB, and acted upon from the earth by two 
fuch forces:as have been named. By that power alone, 
which is reciprocally in the duplicate proportion of the 
diffance, jf? moon fet out from the point A with a 
proper dégree of velocity, the. ellipfis AMB may be de- 

= {cribed. 
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{cribed. But if the moon be acted upon by the fum of the 
forementioned powers, -and the velocity of the moon in the 
point A be augmented in a certain proportion *; or if that 
velocity be diminifhed in a certain proportion, and the moon 
be aéted upon by the difference of thofe powers; in both 
thefe cafes the ling AE, which fhall be defcribed by the 
moon, is thus to be determined. Let the point M be that, 
into which the moon would have arrived in any given {pace 
of time, had it moved in the ellipfis AMB. Draw MT, 
and likewife CT D in fuch fort, that the angle under A’TM 
fhall bear the fame proportion to the angle under ATC, as 
the velocity, with which the ellipfis AMB muft have been de- 
{cribed, bears to the difference between this velocity, and the 
velocity, with which the moon muft fet out from the point A 
in order to defcribe the path AE. Let the angle 4 TC be ta- 
ken toward the moon (asin fig. ros. ) if the moor. be attract- 
ed by the fum of the powers; but the contrary way (as in 
fig. 106.) if by their difference. ‘Then let the line AB be 
moved into the pofition CD, and the ellipfis re) into the 
fituation CND, {fo that the point M be tranflated to 1,: then 
the point L fhall fall upon the path of the moon AE.” 


47. Tue angular motion of the line AT, wereby it is 
removed into the fituation CT, reprefents the motion of the 
apogeon ; by the means of which the motion of the moon 
might be fully explicated by the ellipfis A MB, if the action of 
the fun upon it was directed to the center of the earth, and 


ir. , e 
* What this proportion i:, may be known from Coroll.s. prop 44. Lib. 1. PPB philof. Newton, 
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reciprocally in the triplicate proportion ‘of the moon’s diftance. 
from it. But that not being fo, the apogeon will not move in 
the regular manner now defcribed. However, it is to be ob- 
ferved here, that in the firft of the two preceding cafes, where 
the apogeon “moves forward, the whole centripetal power 
increafes fafter, with the decreafe of diffance, than if the 
intfre power were reciprocally in the duplicate proportion of 
the diftance ; becaufe one part only is in that proportion, 
and the other part, which is added to this to make up the 
whole power, increafes fafter with the decreafe of diftance- 
On the other hand, when the centripetal power is the differ- 
ence between thefe two, it increafes lefs with the decreafe of 
the diftance, than if it were fimply in the reciprocal dupli- 
cate proportion of the diftance. Therefore if we chufe to ex- 
plain the nos motion by an ellipfis (as is moft convenient 
for aftronorhical ufes to be done, and by reafon of the {mall 
effec of the fun’s power, the doing fo will not be attended: 
with any genfible error;) we may collec in general, that 
when the power, by which the moon is attracted to the earth, 
by varying the diftance, increafes in a greater than in the du-. 
plieate proportion of the diftance diminifhed, a motion in con-. 
fequence muft be afcribed to the apogeon; but that when the 
attraction increafes in a lefs proportion than that named, the 
apogeon mutt have given to ita motion in antecedence*. It is 
then obferved by Sir Is. New ron, that the firft of thefe cafes 
obtains, when the moon is in the conjunction and oppofition ; 
and the latter, when the moon is in the quarters: fo that 
in the firft yhe=ufSOgeon moves according to the order of the 


* Princ. Phil. Newt. Lib... prop. 45. Corqll. t+ 


figns 5. 


224  Sirilsaasc Newrton’s  Boox Il. 


figns; in the other, the-contrary way*. But,-as was faid before, 
the difturbance given tq the action of the earth by the fun in 
the conjunction and oppofition being near twice as great as 
in the quarters °, the apegeon will advance with a greater 
velocity than recede, and inthe compafs of a»whole revo- 


lution of the moon will be carried in confequence *. 


48. Ir is fhewn in the next place by our author, that 
when the line AB coincides with that, which joins the earth 
and the fun, the progreffive motion of the apogeon, when 
the moon is in the conjundion or oppofition, exceeds the 
regreflive in the quadratures more than in any other fitua- 
tion of the line AB“. On the contrary, when the line AB 
makes right angles with that, which joins the earth and fun, 
the retrograde motion will be more confiderablg*, nay is 
found fo great as to exceed the progreflive ; ; {dthat in this 
cafe the apogeon in the compafs of an intire revolution of 
the moon is carried in antecedence. Yet from the confi- 
erations in the laft paragraph the progreflive motion ex- 
ceeds the other; fo that in the whole the mean motion of 
the apogeon is-in confequence, according as aftro2zomers 
find. Moreover, the line AB changes its fituation with that, 
which joins the earth and fun, by fuch flow degrees, that the 
inequalities in the motion of the apogeon arifing from this 
laft confideration, are much greater than what arifes from 


the other ‘ 


* Pr. Phil. Newt.Lib.I. prop. 66.Coroll.7.] Thi, Coro'l.8. 
» See§ tg of this chapter. ¢ Ibid. 
© Phil. Nat.Pr.Math Lib. Lprop.65. cor.8.} . f Ibid. 
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4.9. Fart HER, this unfteady motion in the apogeon is at- 
tended with another inequality in the motion of the moon, that 
it cannot be explained at all times by the fame ellipfis. The 
ellipfis in general is called by aftronomers an eccentric orbit. 
The point, in which the two axis’s crofs, is called the center of 
the figure; becaufe all lines drawn throygh this point within 
the ellipfis, from fide to fide, are divided in the middle by 
this point. But the center, about which the heavenly bodies 

revolve, lying out of this center of the figure in one focus, 
thefe orbits are faid to be eccentric ; and where the diftance of 
the focus from this center bears the greateft proportion to the 
whole axis, that orbit is called the moft eccentric: and in 
fuch an orbit the diftance from the focus to the remoter ex- 
tremity of the axis bears the greateft proportion to the di- 
{tance of the nearer extremity. Now whenever the apo- 
geon of t # moon moves in confequence, the moon’s motion 
muft be referred to an orbit more eccentric, than what the 
moon would defcribe, if the whole power, by which the 
moon was acted on in its pafling from the apogeon, changed 
according to the reciprocal duplicate proportion of the di- 
fiancé from the earth, and by that means the moon did de- 
{cribe an immoveable ellipfis ; and when the apogeon moves 
in antecedence, the moon’s motion muft be referred to an 
orbit lefs eccentric. In the firft of the two figures laft re- 
ferredto, the true place of the moon L falls without the orbit 
AMB,to which its motion is referred: whence-the orbit ALE, 
truly defcribed by the moon, is lefs incurvated in the point A, 
than is the ozb:8°M B; therefore the orbit A MB is more ob- 
long, apdtliffers farther from a circle, than the ellipfis would, 

Gg whole 
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whofe curvature in A were equal to that of the line ALB, 
that is, the proportion of the diftance of the earth T from. 
the center of the ellipfis to its axis will be greater in the el- 
lipfis AMB, than in the other ; bat that other is the ellipfis, 
which the moon would daleibe, if the power aéting upon it 
in the point A were altered in the reciprocal duplicate pro- 
portion of the diftance. In the fecond figure, when the 
apogeon recedes, the place of the moon L falls within the 
orbit AMB, and therefore that orbit is lefs eccentric, than 
the immoveable orbit which the moon fhould defcribe. The 
truth of this is evident; for, when the apogeon moves for- 
ward, the power, by which the moon is influenced in its de- 
{cent from the apogeon, increafes fafter with the decreafe of 
diftance, than in the duplicate proportion of the diftance ; 
and confequently the moon being drawn more fortibly to- 
ward the earth, it will defcend nearer to it. On the other 
hand, when the apogeon recedes, the power acting on the 
moon increafes with the decreafe of diftance ‘in lefs than the 
duplicate proportion of the diftance ; and therefore the moon 
is lefs impelled toward the earth, and will not defcend fo low. 


so. Now fuppofe in the firft of thefe figures, that the 
apogeon A is in the fituation, where it is approaching toward 
the conjunction or oppofition of the fun. In this cafe the pro- 
greffive motion of the apogeon is more and more accelerated. 
Here fuppofe that the moon, after having defcended from A 
through the orbit A Eas far as F, where it is come to its neareft. 
diftance from the earth, afcends again up the line FG. Be- 
caufe- the motion of the apogeon is here continualiy-more and 


~ more. 
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more accelerating, the caufe of i its motion is conftantly up- 
on the increafe ; that is, the power, whereby the moon is 
drawn to the earth, will decreafe with the increafe of diftance, 
in the moop’s afcent from F, in a greater proportion than that 
wherewith it increafed with the ‘decreafe of diftance in the 
moon's defcent to F. Confequently the mioon will afcend high- 
er than to the diftance AT, from whence it defcended ; there- 
fore the proportion of the greateft diftance of the moon to 
the leaft is increafed. And when the moon defcends again, the 
power will yet more increafe with the decreafe of diftance, 
than in the laft afcent it decreafed with the augmentation 
of diftance; the moon therefore muft defcend nearer to the 
earth than it did before, and the proportion of the greateft 
diftance Yo the leaft yet be more increafed. Thus as long 
docon is advancing toward the conjundtion or oppo- 
fition, tle proportion of the greateft diftance of the moon 
from thé earth to the leaft will continually increafe ; and 
the cllijhtical orbit, to which the moon’s motion is referred, 
will be rendered more and more eccentric. 





g1. As foon as the apogeon is pafled the conjunétion 
with the fun or the oppofition, the progreflive motion thereof 
abates, and with it the proportion of the greateft diftance of 
the moon trom the earth to the leaft diftance will alfo dimi- 
nifh; and when the apogeon becomes regreflive, the diminu- 
tion of this proportion will be ftill farther continued on, till 
the apogeon comes into the quarter; from thence this pro- 
portion, gad “the eccentricity of the orbit will increafe again. 
tl orbit of the moon is moft eccentric, when the apo- 
Gg 2 geon 
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geon is in conjunction with the fun, or in oppofition to it, 
and leaft of all when the apogcon is in the quarters. 


$2. Tess changes in the nodes, in the inclination cf 
the orbit to the plane of the earth’s motion, in the apogeon, 
and in the eccentricity, are varied like the other inequalities 
in the motion of the moon, by the different diftance of the 
earth from the fun; being greateft, when their caufe is great- 
eft, that is) when the earth is neareft to the fun. 


$3. I faid at the beginning of this chapter, that SirIsaac 
Newton has computed the very quantity of many of the 
moon’s inequalities. That acceleration of the moon’s mo- 
tion, which is called the variation, when greateft, removes 
the moon out of the place, in which it would otkerwife be 
found, fomething more than half a degree *. In the phrafe 
of aftronomers, a degree is 4, part of the whole circuit of 
the moon or any planet. Ifthe moon, without dift urbance. 
from the fun, would have defcribed a circle concerttrical to: 
the earth, the fun will caufe the moon to approach nearer 
to the earth in the conjunétion and oppofition, than i the 
quarters, nearly in the proportion of 69 to7o". We had 
occafion to mention above, that the nodes perform their pe- 
riod in almoft 19 years. This the aftronomers found by 
obfervation ; and our author’s computations affign to them 
the fame period. The inclination of the moon’s orbit when 
leaft, is an angle about ;, part of that angle; which conftitutes. 


2 Newt, Princ. Lib. ILI. prop. a9. b Ibid. prop.28. © Thid, BOP. 32+ 
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a perpendicular ; and the difference between the greateft and 
leaft inclination of the orbit is determined by our author's 
computation to be about 3 of the leaft inclination*, And 
this alfo is agreeable to the obfervations of aftronomers. The 
motion of the apogeon, and the changes in the eccentricity, 
Sir Isaac Newton has not computed. The apogeon 
performs its revolution in about eight years and. ten months, 
When the moon’s orbit is moft eccentric, the greateft di- 
tance of the moon from the earth bears to the leaft di- 
ftance nearly the proportion of 8 to 7; when the orbit is 
leaft eccentric, this proportion is hardly fo great as that of 
I2 to II. 


paring the\periods of the motion of the fatellites, which re- 
volve roufd Jupiter and Saturn, with the period of our 
moon rojnd the earth, and the periods of thofe planets 
round tht fun with the period of our earth’s motion, the 
inequalities in the motion of thofe fatellites may be derived 
from the inequalities in the moon’s motion; excepting on- 
diisegard to that motion of the axis of the orbit, which. 
in the moon makes the motion of the apogeon; for the 
orbits of thofé fatellites, as far as can be difcerned by us at 
this diftance, appearing little or nothing eccentric, this 
motion, as deduced from the moon, muft be diminifhed.. 


T4. : Isaac Newt on fhews farther, how, by com~ 


b Newt. Princ. pag. 459« 
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Cuape. IV. 
Of COMET S. 


N the former of the two preceding chapters thé powers 
have been explained, which keep in motion thofe cele- 
ftial bodies, whofe courfes had been well determined by the 
aftronomers. In the laft chapter we have fhewn, how thofe 
powers have been applied by our author to the making a 
more perfect difcovery of the motion of thofe bodies, the 
courfes of which were but imperfectly underftood ; for 
fome of the inequalities, which we have been defcribing 
in the moon’s motion, were unknown to the afgronomers. 
In this chapter we are to treat of a third fpecies ¢f the hea- 
venly bodies, the true motion of which was notyat all ap- 
prehended before our author writ; in fo much, jthat here 
Sir Isaac Newton has not only explained the caufes of 
the motion of thefe bodies, but has performed alfo the part 
of an aftronomer, by difcovering what their motiot.2. are. 


2. Tuat thefe bodies are not meteors in our air, is 
manifeft; becaufe they rife and fet in the fame manner, 
as the fun and ftars. The aftronomers had gone fo far in 
their inquiries concerning them, as to prove by their ob- 
fervations, that they moved in the etherial {paces far beyond 
the moon ;_ but they had no true notion at all of the path, 
which they defcribed. The moft prevailing opinion before 

Our 
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our author was, that they moved in ftraight lines; but in 
what part of the heavens was not determined. Des Car- 
tgs * removed them far beyond the fphere of Saturn, as 
finding the ftraight motion attributed to them, inconfiftent 
with the vortical fluid, by which he explains the motions 
of the planets, as we have above related, But Sir Isaac 
Nawron diftin@ly proves from: aftronomical obfervation, 
that the comets pafs through the region of the planets, and: 
dre moftly invifible at a lefs diftance, than that of Jupiter * 


3. Anp from hence finding the comets to be evident- 
ly within the {phere of the fun’s action, he concludes they 
muft neceffarily move about the fun, as the planets do 4 
The planets move in ellipfis’s ; but it is not neceffary that 
every body\ which is influenced by the fun, fhould move 
in that pargcular kind of line. However our author proves, 
that the pqwer of the fun-being reciprocally in the duplicate 
proportiory of the diftance, every body acted on by the fun 
muft eithér fall direétly down, or move in fome conic fe- 
tion ; of which lines I have above obferved, that there are 
threg species, the cllipfis, parabola, and hyperbola. If a 
body, which defcends toward the fun as low as the orbit 
of any planet, move with a {wifter. motion than the pla-. 
net. does, that body will defcribe an orbit of a more oblong 
figure, than that of the planet, and have a longer axis at. 
leaft. The velocity of the body may be fo great, ghat it 





a-In Princ. pai part. 3. § 41. Pag. 47 
& Chap. 1.§ 1 aie philof. Lib. III, XiptOp 40. 
«. Newton, Pring. philof Lib. II. Lemm, 4,! £ Book I. chap, 2. § 82 
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fhall move in a. parabola, and having once pafled about 


the fun, fhall afcend for ever without returning any more: 
but the fun will be placed in the focus of this parabola, 
With a velocity ftill greater the body will move in an 
hyperbola. But it is moft probable, that the camets move 
in elliptical orbits, though of a very oblong, or in the 
phrafe of aftronomers, of a very eccentric form, fuch as 
is reprefented in fig. 107, where § is the fun, C the co- 
met, and ABDE its orbit, wherein the diftance of s' 
and D far exceeds that of S and A. Whence it is, that 
they fometimes are found at a moderate diftance from the 
fun, and appear within the planetary regions; at other | 
times they afcend to vaft diftances, far beyond the very or- 
bit of Saturn, and fo become invifible. That the comets 
do move in this manner is proved by our author, 4om com- 
putations built upon the obfervations, which aftrontbmers had 
made on many comets. Thefe computations weréperform- 
ed by Sir Isaac Newtown himfelf upon the com®t, which 
appeared toward the latter end of the year 1680, and at 
the beginning of the year following*; but the learned 
Dr. Hautey profecuted the like computations more af ixage 
in this, and alfo in many other comets’. Which computations 
are made upon propofitions highly worthy of our author’s un- 
parallel’d genius, fuch as could fcarce have been difcovered 
by any one not poffeffed of the utmoft:force cf invention; 


2 BRinc, philof. Lib. III. peg. 499, goo. > Ibid, pag. soo, and gao, &c. 
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4. THosi computations depend upon this principle, 
that the eccentricity of the orbits of the comets is fo 
preat, that if they are really elliptical, yet they approach 
fo near to parabolas in that part of them, where they 
come under our view, that they may be taken for fuch 
without fenfible error*: as in the preceding figure the 
parabola FAG differs in the lower part of it about A ve- 
ry little from the ellipfis DRAB. Upon which ground 
‘our great author teaches a method of finding by three ob- 
fervations made upon any comet the parabola, which 
neareft agrees with its orbit ° 


ys. Now what confirms this whole theory beyond the 
leaft room for doubt is, that the places of the comets com- 
puted in the orbits, which the method here mentioned 
affigns them, agree to the obfervations of aftronomers with 
the famegdegree of exactnefs, as the computations of the 
primary planets places ufually do; and this in comets, 
otions are very extraordinary ‘. 





6.fOurR author afterwards fhews how to make ufe of 
any {mall deviation from the parabola, that fhall be ob- 
ferved, ‘to determine whether the orbits of the comets are 
elliptical or not, and fo to difcover if the fame comet re- 
turns at certain periods“, And upon examining the co- 
met in 1680, by the rule laid down for this purpofe, he 
finds its orbit to agree morc exaétly to an cllipfis than 

Spapmacmmmmme | anes, 
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to a parabola, though the cllipfis be fo very eccentric,, 
that the comct cannot perform its period through it in the 
{pace of soo years*. Upon this Dr. Haury oblerved, 
that mention is made in hiftory of a comet, with the 
like eminent tail as this, having appeared three feveral 
times before; the firft of which appearances was at the 
death of Junius Czsar, and each appearance was at thee 
diftance of 579 years from the next preceding. He there- 
fore computed the motion of this comet in fuch an ellip- 
tic orbit, as would require this number of years for the 
body to revolve through it; and thefe computations agree 
yet more perfeétly with the obfervations made on this co- 
met, than any parabolical orbit will do > 


4. THe comparing together different appearancys. of the 
fame comet, is the only way to difcover certainly ,the true 
form of the orbit: for it is impoffible to determine ‘with ex- 
adtnefs the figure of au orbit fo exceedingly eccentrig, from 
fingle obfervations taken in one part of it; and! there- 
fore Sir Isaac Newton ‘ propofes to compare the orbits, 
upon the fuppofition that they are parabolical, of {uch 
comets as appear at different times; for if the fame or” 
bit be found to be defcribed by a comet at different times, 
in all probability it will be the fame comet which de- 
fcribes it. And here he remarks from Dr. Hauuey, that 
the fame orbit very nearly agrees to two appearances of 
a comet about the fpace of 7y years diftance*; fo that 


* Newt. Princ. philof edit.2.p. 464,465. ' ¢ Ibid paz. gro. 
> jbid. edit. 3. p gor, soa. ali Ibid. pag. 52 :.. 
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if thofe-two appearances were really of the fame comet, 
the tranfverfe axis of the orbit of the comet would be near 
18 times the axis of the earth’s orbit; and the comet, 
when at its greatef{t diftance from the fun, will be remov- 
ed not lefs than 35 times as far as the middle diftance 
of the earth. 


8. Ano this feems to be the fhorteft period of any of 
the comets. But it will be farther confirmed, if the fame 
comet fhould return a third time after another period of 
4s years, However it is not to be expected, that comets 
fhould preferve the fame regularity in their periods, as 
the planets; becaufe the great eccentricity of their orbits 
makes them liable to fuffer very confiderable alterations 
from in action of the planets, and other comets, upon them. 
yr is therefore to prevent too great difturbances © 
iv motions from thefe caufes, as our author obferves, 
ile the planets revolve all of them nearly in the 
fame plane, the comets are difpofed in very different ones, 
and diftributed over all paits of the heavens; that, 
w in their greateft diftance from the fun, and moving 
floweft, they might be removed as far as poflible out of the 
reach of each other’s action*. The fame end is likewife 
farther anfwered. in thofe comets, which by moving floweft 
in the aphelion, or remoteft diftance from the fun, defcend 
neareft to it, by placing the aphelion of thefe at the 

greateft height from the fun °, 







a Newt. Princ. philof. p.¢25. b Thid. 
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10. Our philofopher being led by his principles, to ex- 
plain the motions of the comets, in the manner now re- 
lated, takes occafion from thence to give us his thoughts 
upon their nature and ufe. For which end he proyes in 
the firft place, that they muft neceffarily be fotid and com- 
pact bodies, and by no means any fort of vapour or light 
fubftance exhaled from the planets or ftars: becaufe vat 
the near diftance, to which fome comets approach the fun, 
it could not be, but the immenfe heat, to which they_aré 
expofed, fhould inftantaneoufly difperfe and fcatter any 
fuch light volatile fubftance *. In particular the foremen- 
tioned comet of 1680 defcended fo near the fun, as to 
come within a faxth part of the fun’s diameter from the 
furface of it. In which fituation it muft have been ex- 
pofed, as appears by computation, to a degre of heat 
exceeding the heat of the fun upon our earth ES lefs than. 
28000 times; and thercfore might have contra‘ted a de- 
gree of heat 2000 times greater, than that of ted hot 
iron’, Now a fubftance, which could endure {fo intenfe 
a heat, without being difperfed in vapor, miuft needs. be 
firm and folid. 


11. Ir is fhewn, likewife, that the comets are opake 
fubftances, fhining by a reflected light, horrowed from 
the fun‘®. This is proved from the . obfervation, that co- 
mets, though they are approaching the earth, yet di- 
minifh in luftre, if at the fame time they recede from 


a Tid pag so8. > Ubid, © Hbid. pag. 484. 
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the fyn; and on the contrary, are found to encreafe 
dailyin brightnefs, when they advance towards the fun, 
though at the fame time they move from the earth * 


¥2. Tux comets therefore in thefe refpeéts refemble the 
planets; that bath are durable opake bodies, and both re- 
wolve about the fun in conic fection’. But farther the 
comets, like our earth, are furrounded by an atmo- 
ee The air we breath is called the carth’s atmo- 
{phete; and it is moft probable, that all the other planets 
are invefted with the like fluid. Indeed here a difference 
is found between the planets and comets. The atmofpheres. 
of the planets are of fo fine and fubtile a fubftance, as 
hardly to be difcerned at any diftance, by reafon of the 
{mall quintity of light which they refleét, except only in 
the planet Mars. In him there is fome little appearance 
of fuch fa fubftance furrounding him, as ftars which have 
been cévered by him are faid to lack fomewhat dim a 
{mall {pace before his body comes under them, as if their 
light, when he is near, were obftructed by his atmofphere. 
Buyythe atmofpheres which furround the comets are fo 
grofs and thick, as to reflect light very copioufly. They 
are af much greater in proportion to the body they fur- 
round, than thofe of the planets, if we may judge of 
the reft from our air; for it has been obferved of comets, 
that the bright light appearing in the middle of them, which 


2 Tbid. pag. 482,483. 
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is reflected from the folid body, is fcarce a ninth »r tenth 
part of the whole comet. ) 


13. I fpeak only of the heads of the comets, the moft 
lucid part of which is furrounded by a fainter light, the 
moft lucid part being ufually not above a ninth or tenth 
part of the whole in breadth*, Their tails are an appear- 
ance very peculiar, nothing of the fame nature appertain- 
ing in the leaft degree to any other of the celeftial bo- 
dies. Of that appearance there are feveral opinions ; our 
author reduces them to three’. The two firft, which he 
propofes, are rejected by him; but the third he approves. 
The firft is, that they arife from a beam of light tranf 
mitted through the head of the comet, in like manner as 
a ftream of light is difcerned, when the fun fhines into a 
darkened room through a {mall hole. This »pinion, as 
Sir Isaac Newton obferves, implies the authors of it 
wholly unskilled in the principles of optics; for {hat ftream 
of light, feen in a darken’d room, arifes from the refle- 
tion of the fun beams by the duft and motes floating in 
the air: for the rays of light themfelves are not fees, but. . 
by their being reflected to the cye from fome fubftance, 
upon which they fall. The next opinion examined by 
our author is that of the celebrated Des Cartes, who 
imagins thefe tails to be the light of the comet refraded 
jn its paflage to us, and thence affording an oblong re- 
prefentation; as the light of the fun does, when refracted 


® Jbid, peg. 481. » Ybib. pag. soo. © See the fore-cited place. 
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by the frifm in that noted experiment, which will have a 
great Mare in the third book of this difcourfe*, But this 
opinion is at once overturned from this confideration on- 
ly, that the planets could be no more free from this re- 
fra@tion tham the comets; nay ought to have larger or 
brighter tails, than they, becaufe the light of the planets is 
ftrengeft. However our author has thought proper to add 
fome farther objections againft this opinion: for inftance, 
that thefe tails are not variegated with colours, as is the 
image produced by the prifm, and which is infeparable 
from that unequal refraction, which produces that difpro- 
portioned length of the image. And befides, when the 
light in its paflage from different comets to the earth de- 
{cribes the fame path through the heavens, the refraction 
of it fhould of neceflity be in all refpects the fame. But 
this is contrar y to obfervation; for the comet in 1680, 
the 28th fay of December, and a former comet in she 
year 1y7, the 29th day of December, appear'd in the 
fame place of the heavens, that is, were feen adjacent to 
the fame fixed ftars, the earth likewife being in the fame 
place,at both times; yet the tail of the latter comet de- 
“viated from the ceptions to the funa little to the north- 
ward, and the tail of the former comet declined from the. 
oppofition of the fun five times as much fouthward °. 


14. THeEreE are fome other falfe opinions, though lef 
regarded than thefe, which have been advanced upon this 


a Ubid. and Castef. Princ.Phil. part. 3. §.134, &c. > Vid. Fhil. Nat. prince. Math. p. sit. 
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argument. Thefe our excellent author paffes over, haften- 
ing to explain, what he takes to be the true caufe of this’ 
appearance. He thinks it is certamly owing to fleams and 
vapours exhaled from the body, and: grofs atmofphere of 
the comets, by the heat of the fum; becaufe ‘all the ap- 
pearances agree perfectly to’ this fentiment. ‘The tails are 
but fmall, whi the comet is defcending to the fun, bet 
enlarge themfelves to an immenfe degree, as {con as ever 
the comet has paffed its perihelion ; which fhews the sli 
to depend upon the degree of heat, which the comet re- 
ceives from the fun. And! that the intenfe heat to which 
comets, when neareft the fun, are expofed, fhould exhale 
from them a very copious vapour, isa moft reafonable fup- 
pofition ; efpecially if we confider, that in thofe free and 
empty regions fteams will more eafily afcend, : “than here 
upon the “force of the earth, where they are fuppreffed 
and hindered from rifing by the weight of the frenmbent 
air: as we find by experiments made in veftels: bxhaufted 
of the air, where upon removal of the air feveral fub- 
ftances will fume and difcharge fteams plentifully, which 
emit none in the open air. The tails of comets, likeuch. 
a vapour, are always in the plane of the comet's orbit, and 
oppofite to the fun, except that the upper part thereof 
inclines towards the parts, which the comet has left by its 
motion; refembling perfectly the fmoak of a burning coal, 
which, if the coal remain. fixed, afcends from it perpendi- 
cularly ; ; but, if the coal be in motion, afcends obliquely, 
inclining from the motion of the coal. And befides, the 
tails of comets may be compared to this fmoak in another 
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refpga, that both of them are denfer and more compact 

the convex fide, than on tht concave. The different 
appearance of the head of the comet, after it has paft its 
perihelion, from what it had before, confirms greatly this 
opinion of their tails: for fmoke raifed by a ftrong heat is 
blacker and groffer, than when raifed by a lefs; and ac- 
‘cordingly the heads of comets, at the fame diftance from 
the fun, are obferved lefs bright and fhining after the peri- 
‘helion, than before, as if cbfcured by fuch a grofs fmoke. 


1s. Tux obfervations of Hrvextius upon the atmo- 
fpheres of comets ftill farther illuftrate the fame; who re- 
lates, that the atmofpheres, efpecially that part of them next 
the funy are remarkably contraéted when near the fun, and 
dilated again afterwards. 


16. [ o give a more full idea of thefe tails, a rule is 
laid dawn by our author, whereby to determine at any 
time, when the vapour in the extremity of the tail firft 
rofe from the head of the comet. By this rule it is found, 
thae the tail does not confift of a fleeting vapour, difh- 
pated foon after it is raifed, but is of long continuance ; 
that almoft all the vapour, which rofe about the time of 
the perihelion from the comet of 1680, continued to ac- 
company it, afcending by degrees, being fucceeded con- 
ftantly by frefh matter, which rendered the tail contigu- 
ous to the comet. From this computation the tails are 
found to participate of another property of afcending va- 
pours, that when they afcend with the greateft velocity, 
they are leaft incurvated. li 17. THE 
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17. THe only objection that can be made againf, this 
opinion is the difficulty of explaining, how a fuffiéent. 
quantity of vapour can be raifed from the atmofphere of a 
comet to fill thofe vaft fpaces, through which their tails 
are fometimes extended. This our author removes by the 
following computatien: our air being an elaftic fluid, as 
has been faid before *, is more denfe here near the furfacee 
of the earth, where it is prefled upon by the whole air 
above; than it is ata diftance from the earth, where it has” 
a lefs weight incumbent. I have obferved, that the denfity, 
of the air is reciprocally proportional to the compreffing” 
weight. From hence our author computes to what degree 
of rarity the air muft be expanded, according to this rule, at 
an height equal to a femidiameter of the earth: and_he finds, 
that a globe of fuch air, as we breath here on the furface of 
the earth, which fhall be one inch only in diameter,if it were 
expanded to the degree of rarity, which the air mfuft have 
at the height now mentioned, would fill all the glanetary 
regions even to the very {phere of Saturn, and far beyond. 
Now fince the air at a greater height will be ftill im- 
menfly more rarified, and the furface of the atmofphees_ 
of comets is ufually about ten times the diftance from the 
center of the comet, as the furface of the comet it {elf, and 
the tails are yet vaftly farther removed from the center of 
the comet; the vapour, which compofes thofe tails, may ve- 
ry well be allowed to be fo expanded, as that a moderate 
quantity of matter may fill all that fpace, they are feen to 
take up. Though indeed the atmofpheres of comets being 


4 Book I. Ch. 4. § 23. 
very 
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ree, as our air under the fame circumftances; efpecially 
fince they may be fomething condenfed, as well by their gra- 
vitation to the fun, as that the parts will gravitate to one ano- 
ther; whtich will hereafter be fhewn to be the univerfal pro- 
perty of all matter*. The only fcruple left is, how fo much 
*light can be reflected from a vapour fo rare, as this computa- 
tion implies... For the removal of which our author obferves, 
‘ehat the moft refulgent of thefe tails hardly appear brighter, 
phda a beam of the fun’s light tranfmitted into a darkened 
“toom through a hole of a fingle inch diameter; and that 
the f{malleft fixed ftars are vifible through them without any 
fenfible diminution of their luftre. 


18. Av thefe confiderations put it beyond doubt, what 
is the true nature of the tails of comets. ‘There has in- 
deed alin been faid, which will account for the irregular 
figures} in which thofe tails are fometimes reported to have 
appeared; but fince none of thofe appearances have ever been 
recorded by aftronomers, who on the contrary afcribe the 
fayac likenefs to the tails of all comets, our author with great 
judgment refers all thofe to accidental refractions by interven- 
ing clouds, or to parts of the milky way contiguous to thc 
comets °. 


19. Tue difcuffion of this appearance in comcts has 
led Sir Isaac Newton into fome fpeculations relating 
to their ufe, which I cannot but extreamly admire, as 


#Ch. 5. > All thefe argumentsare laid down in Philo. Nat. Princ, Lib.JII, from p. s09, to $17. 
Ii = reprefenting 
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reprefenting in the ftrongeft light imaginable the ei:ten- 
five providence of the ‘great author of nature, witty 
befides the furnifhing this globe of earth, and without 
doubt the reft of the planets, fo abundantly with eve- 
ry thing neceflary for the fupport and continuance of the 
numerous races of plants and animals, they are ftocked 
with, has over and above provided a numerous train of 
comets, far exceeding the number of the planets, to re- 
ctify continually, and reftore their gradual decay, whicty, 
is our author’s opinion concerning them *. For fing oe Ate 
comets are fubjeét to fuch unequal degrees of heat, eee 
fometimes burnt with the moft intenfe degree of it, at 
other times fcarce receiving any fenfible influence frem the 
fun; it can hardly be fuppofed, they are defigned* for any 
fuch conftant ufe, as the planets. Now the tails; which they 
emit, like all other kinds of vapour, dilate therrfelves as. 
they afcend, and by confequence are gradually difpe-fed and 
{cattered through all the planetary regions, and thehce can- 
not but be gathered up by the planets, as they pafs through 
their orbs: for the planets having a power to caufe all bodies 
to gravitate towards them, as will in the fequel of ‘this 
difcourfe be fhewn*; thefe vapours will be drawn in procefs 
ef time into this or the other planet, which happens to 
a&t ftrongeft upon them. And by entering the atmofpheres 
of the earth and other planets, they may well be fuppofed to. 
contribute to the renovation of the face of things, in par- 
ticular to fupply the diminution caufed in the humid parts 


* Philof. Nat. Princ. Lib. III. .p. g15. »-Cb.7.. 
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a gaat and putrefaction. For vegetables are nourith- 


moifture, and by putrefacticn are turned in great 
part into dry earth; and an earthy fubftance always fub- 
fides in fermenting liquors; by which means the dry parts 
of the planets muft continually increafe, and the fluids di- 
minifh, may in a fufficient length of .time be exhautfted, 
if not fupplied by fome fuch means. It is farther our great 
author's opinion, that the moft fubtile and active parts of 
eee-ajr, upon which the life of things chiefly depends, is 
Tited to us, and fupplied by the comets. So far are 
tee from portending any hurt or mifchief to us, which 
the natural fears of men are fo apt to fuggeft from the ap- 
pearance of any thing uncommon and aftonifhing. 





20. THar the tails of comets have fome fuch impor- 
tant ufe feems reafonable, if we confider, that thofe bodies 
do not fénd out thofe fumes merely by their near approach 
to the f¥n; but are framed of atexture, which difpofes 
them in a particular manner to fume in that fort: for the 
earth, without emitting any fuch fteam, is more than half 
the -year at a lefs diftance from the fun, than the comet 
of 1664.and 1665 approached it, when neareft; likewife 
the comets of 1682 and 1683 never approached the fun 
much above a feventh part nearer than Venus, and were 
more than half as far again from. the fun. as Mercury ; yet 
all thefe emitted tails. 


21. From the very near approach of the comet of 
¥680. our author draws another fpeculation ; for if the 
furs. 


246 Sr Isaac Newron’s ' BooxlIl. 


fun have an atmofphere about it, the comet meptioned 
feems to have defcended near enough to the fun to~erses 
within it. If fo, it muft have been fomething retarded by 
the refiftance it would meet with, and confequently in its 
next defcent to the fun will fall nearer than now; by 
which means it will meet with a greater refiftance, and 
be again more retarded. The event of which muft be, that 
at length it will impinge upon the fun’s furface, and thereby 
fupply any decreafe, which may have happened by fo fepid uy 
an emiffion of light, or otherwife. And fomething Lape als. 
our author conjectures may be the cafe of thofe fixed ars, 
which by an additional increafe of their luftre have for a 
certain time become vifible to us, though ufually they are 
out of fight. There is indeed a kind of fixed flars, which 
appear and difappear at regular and equal iptervals: here 
fome more fteadyr caufe muft be fought for ; perhaps thefe 
ftars turn round thei¢ own axis’s, as our fun does 4, and have 
fome part of their body more luminous than <he other, 
whereby they are feen, when the moft lucid part is next to 
us, and when the darker part is turned toward us, they 
vanifh out of fight. 


22. Wueruer the fun does really diminifh, as has been 
here fuggeited, is dificult to prove; yet that it either does 
fo, or that the earth increafes, if not both, is rendered pro- 
bable from Dr. Hauxey’s obfervation >, that by comparing 
* See Ch.t. § 61. have appeared within the laft 1 a years may be 


& Newr.Princ. Philof, pag. ¢25, $26. Anec- | feen in the Philofephical traniagtions, vol, 29. 
count all the tars of both thefe kinds, which | numb. 346. 
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the prdportion, which the periodical time of the moon bore 

a¢of the fun in former times, avith the proportion be- 
tween them at prefent, the moon is found to be fomcthing 
accelerated in refpect of the fun. But if the fun diminith, 
the periods of the primary planets will be lengthened ; and 
if the earth be encreafed, the period of the moon will be 
fHortened: as will appear by the next chapter, wherein 
it fhall be fhewn, that the power of the fun and earth is 
étigrefult of the fame power being lodg’d in all their parts, 
ag@ Wat this principle of producing gravitation in other bo- 
“is is proportional to the folid matter in each body. 


CuHuap. V. 


Of the BODIES of theS UN and 
PLANETS. 


UR author, after having difcovered that the celeftiat 

motions are performed by a force extended from the 
fun and primary planets, follows this power into the deep- 
elt receffes of thofe bodies themfelves, and proves the fame 
to accompany the f{malleft particle, of which they are com- 
pofed. 


2. PreparaTive hereto he fhews firft, that each of the 
heavenly bodies attracts the reft, and all bodies, with fuch 
different degrees of force, as that the force of the fame at- 

tracting 
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trating body is exerted on others exactly in proportion to 
the quantity of matter in the body attraéed * 


3. Or this the firft proof he brings is from experiments 
made here upon the earth. The power by which the moon 
is influenced was above fhewn to be the fame, with that 
pence here on the furface of the earth, which we call gra. 
vity ®. Now one of the effects, of the principle of gravity 
is, that all bodies defcend by this force from the fame | hei edt 
in equal times. Which has been long taken notica’ aif; 
particular methods having been invented to fhew that fie 
only caufe, why fome bodies were obferved to fall from the 
fame height fooner than others, was the refiftance of the 
air. ‘This we have above related*; and proved from hence, 
that fince bodies refift to any change of their flate from reft 
to motion, or from motion to reft, in proportion to the 
quantity of matter contained in them; the power that can 
move different quantities of matter equally, mult be pro- 
portional to the quantity. The only objection here is, that 
it can hardly be made certain, whether this proportion in 
the effect of gravity on different bodies holds perfectly ex-. 
ac or not from. thefe experiments ; by reafon that the 
great fwiftnefs, with which bodies fall, prevents our being 
able to deturmine the times of their defcent with all the 
exaétnefs requifite. Therefore to remedy this inconveni- 
ence, our author fubfticutes another more certain experi- 
ment in the room of thefe made upon falling bodies. Pen- 


* Newt. Princ. Philof, Nat. Lib. Jp.prop. 6 > Ch, 3.§ 6. © Book I.Ch.2. §24. 


4: dulums 


Cuar.s. PHILOSOPHY. 249 


dulumf are caufed to vibrate by the fame principle, as makes 
beelas defcend ; the power of grawity putting them in mo- 
tion, as wellas the other. But if the ball of any pendu- 
lum, of the fame length with another, were more or lefs 
attracted in® proportion to the quantity of folid matter in 
the ball, that pendulum muft accordingly move fafter or 
fléwer than the other. Now the vibrations of pendulums 
continue for a great length of time, and the number of 
WMerations they make may eafily be determined with- 
oft ' ufpicion of error; fo that this experiment may be 
extended to what exaéinefs one pleafes: and our au- 
thor affures us, that he examined in this way feveral 
fubftances, as gold, filver, lead, glafs, fand, common falt, 
wood, water, and wheat; in all which he found not the 
leaft deviation from the proportion mentioned, though he 
made the experiment in fuch a manner, that in bodies of 
the fame weight a difference in the quantity of their mat- 
ter lefs than a thoufandth part of the whole would have 
difcovered it felf It appears therefore, that all bodies are 
made to defcend by the power of gravity here, near the fur- 
face of the earth, with the fame degree of fwiftnels. We 
have above obferved this defcent to be after the rate of 16 4 
feet in the firft fecond of time from the beginning of thei 
fall. Moreover it was alfo obferved, that if any body, which 
fell here at the furface of the earth after this rate, were 
to be conveyed up to the height of the moon, it would 
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defcend from thence juft with the fame degree of yelcci- 
ty, as that with which,the moon is attracted ee 
earth; and therefore the power of the earth upon the moon 

bears the fame proportion to the power it would have upon. 

thofe bodies at the fame diftance, as the quantity of mat-. 

ter in the moon bears to the quantity in thofe bodies. 


4. Tus the affertion laid down is. proved in the earth, 
that the power of the earth on every body it attracts is, af 
the fame diftance from the earth, proportional to.the quan 
tity of folid matter in the body aéted on. As tothe frfn, ie 
has been fhewn, that the power of the fun’s action upon 
the fame primary planet is reciprocally in the duplicate pro- 
portion of the diftance; and that the power of the fun 
decreafes throughout in the fame proportion, the. motion of 
comets traverfing the whole planetary region teftifies. This 
proves, that if any planet were removed from the fun to 
any other diftance whatever, the degree of its acceleration 
toward’ the fun would yet remain reciprocally in the du- 
plicate proportion of its diftance. But it has likewife been 
fhewn, that the degree of acceleration, which the fun gives 
to every one of the planets, is reciprocally in the duplicate. 
proportion of their refpedtive diftances. All which com- 
pared together puts it out of doubt, that the power of. 
the fun upon any planet, removed into the place of any 
other, would give it the fame velocity of defcent, as it. 
gives that other; and confequently, that the fun’s ation 
upon different planets at the fame diftance would be pro- 
portional to the quantity of matter in each. It has farther: 

been 
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been fhewn, that the fun attracts the primary plancts, and 
their refpective fecondary, when at the fame diftance, fo 
as to communicate to both the fame degree of velocity ; 
and therefore the force, wherewith the fun aés on the fe- 
condary planet, bears the fame proportion to the force, 
wherewith at the fame diftance it attraéts the primary, as 
tlte quantity of folid matter in the fecondary planet bears to 
the quantity of matter in the primary. 


'5.°T urs property therefore is proved of both kinds of 
planets, in refpect of the fun. Therefore the fun poffeffes the 
quality found in the earth, of acting on bodies with a de- 
gree of force proportional to the quantity of matter in the 
body, which receives the influence. 


6. Tuar’the power of attraction, with which the other 
planets are endued, fhould differ from that of the earth, can 
hardly be fuppofed, if we confider the fimilitude between 
thofe bodies; and that it does not in this refpect, is farther 
proved from the fatellites of Saturn and Jupiter, which are at- 
tracted by their refpective primary according to the fame law, 
that is, in the fame proportion to their diftances, as the prima- 
ry are attracted by the fun: fo that what has been concluded 
of the fun in relation to the primary planets, may be juftly 
concluded of thefe primary in refpect of their fecondary, and 
in confequence of that, in regard likewife to all other bodies, 
viz. that they will attract every body in proportion to the 
quantity of folid matter it contains. 
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+. Hence it follows, that this attraction extends itfelf 
to every particle of matter in the attracted body : and-that 
no portion of matter whatever .j js. exempted from the influ- 
ence of thofe bodies, to which we have proved this attra- 
ative power to belong. 


8. Brrore we proceed farther, we may here remark, 
that this attractive power both of the fun and planets now 
appears to be quite of the fame nature in all; for it acts. 
each in the fame proportion to the diftance, and | in the fame 
manner aéts alike upon every particle of matter. Thit 
power therefore in the fun and other planets is not of a dif- 
erent nature from this power in the earth; which has been al- 
ready fhewn to be the fame with that, which we call gravity *. 


9. Anp this lays open the way to prove, that the at- 
tracting power lodged in the fun and planets, belongs like- 
wife to every part of them: and that their refpe@ive powers 
upon the fame body are proportional to the quantity of mat- 
ter, of which they are compofed; for inftance, that the force 
with which the earth attracts the moon, is to the force, with 
which the fun would attra& it at the fame diftance, as the 
quantity of folid matter contained in the earth, to the quan- 
tity contained in the fun °. 


to. Tme firft of thefe affertions is a very evident confe- 
quence from the latter. And before we proceed to the proof, 
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it muft firft be fhewn, that the third law of motion, which 
makes a@tion and reaétion equal, : holds in thefe attrative 
powers. The moft remarkable attractive force, next to the 
power of gravity, is that, by which the loadftone attracts iron. 
Now if a léadftone were laid upon water, and fupported by 
fome proper fubftance, as wood or cork, fo that it might 
fim ; and if a piece of iron were caufed to fwim upon the 
water in like manner: as foon as the loadftone begins to 
“Metract the iron, the iron fhall move toward the ftone, and 
the {tone fhall alfo move toward the iron; when they meet,. 
they fhall ftop cach other, and remain fixed together with- 
out any motion. This fhews, that the velocities, where- 
with they meet, are reciprocally proportional to the quan- 
tities of folid matter in each; and that by the ftone’s at- 
tracting the.iron, the ftone itfelf reccives as much motion,. 
in the ftriét philofophic fenfe of that word’, as it commu- 
nicates to the iron: fer it has been declared above to be arr 
effe& of the percuflion of two bodies, that if they meet. 
with velocities reciprocally proportional to the refpedtive. 
bodies, they fhall be {topped by the concourfe, unlefs their 
elafticity put them into frefh motion; but if they meet 
with any other velocities, they fhall retain fome motion 
after meeting ». Amber, glafs, fealing-wax, and many other 
fubftances acquire by rubbing a power, which from its 
having been remarkable, particularly in amber, is called 
ele@trical.. By this power they will for fome time after 


* See Book L Chin $295 b Tbid.§ 5, 6. 
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rubbing attract light bodies, that fhall be brought within 
the fphere of their activity. On the other hand Mr.Boy.e 
found, that if a piece of amber be hung in a perpendicular 
pofition by a ftring, it fhall be drawn itfelf toward the bo- 
dy whereon it was rubbed, if that body be brought near 
it. Both in the loadftone and in electrical bodies we ufu- 
ally afcribe the power to the particular body, whofe pre- 
‘fence we find neceflary for producing the efle@. The load- 
ftone and any piece of iron wil] draw each other, but int 
two pieces of iron no fuch effect is ordinarily obferved ; there- 
fore we call this attractive power the power of the load- 
ftone: though near a loadftone two pieces of iron will al- 
fo draw each other. In like manner the rubbing of am- 
ber, glafs, or any fuch body, till it is grown warm, being 
neceflary to caufe any action between thofe bodies and other 
fubftances, we afcribe the electrical power to thofe bodies, 
But in all thefe cafes if we would fpeak more correctly, 
and not extend the fenfe of our expreffions beyond what 
we fee; we can only fay that the neighbourhood of a load- 
ftone and a piece of iron is attended with a power, where- 
by the loadftone and the iron are drawn toward each other ; 
and the rubbing of electrical bodies gives rife to a power, 
whereby thofe bodies and other fubftances are mutually at- 
traced. Thus we muft alfo underftand in the power of 
grayity, that the two bodies are mutually made to approach 
by the adtion of that power. When the fun draws any 
planet; that planct alfo draws the fun; and the motion, 
which the planet receives from the fun, bears the fame pro- 
portion to the motion, which the fun it felf receives, as 
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the quantity of folid matter in the fun bears to the quan- 
tity of folid matter in the planet.’ Hitherto, for brevity 
fake in fpeaking of thefe forces, we have generally afcribed 
them to the body, which is leaft moved; as when we 
called the power, which exerts itfelf between the fun and 
any planet, the attractive power of the fun; but to {peak 
mre correctly, we fhould rather call this power in any 
_cafe the force, which aéts between the fun and earth, be- 
twWeen the fun and Jupiter, between the earth and moon, 
&c. for both the bodies are moved by the power acting be- 
tween them, in the fame manner, as when two bodies are 
tied together by a rope, if that rope fhrink by being wet, 
or otherwife, and thereby caufe the bodies to approach, by 
drawing both, it will communicate to both the fame de- 
gree of motion, and caufe them to approach with veloci- 
ties reciprocally proportional to the refpective bodies. From. 
this‘mutual aétion between the fun and’ planet it. follows, 
as has been obferved above *, that the fun and planet 
do each move about their common center of gravity. 
Let A (in fig. 108.) reprefent the fun, B a planet, C their 
common center of gravity. If thefe bodies were once at 
reft, by their mutual attraction they would directly ap- 
proach each other with fuch velocities, that their common 
center of gravity would remain at reft, and the two bodies 
would at length meet in that point. If the planet B were 
to receive an impulfe, as in the direction of the. line DE, 
this would prevent the two bodies from falling together ; 


4 Chap. 2« § 8. 
but: 
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but their common centet of gravity would be- put into mo-. 
tion in the direétion of tthe line CF equidifians from BE. 
In this cafe Sir Isaac Newton proves*, that the fun and. 
planet would. defcribe round their common center of gra- 
‘vity fimilar orbits, while that center would proceed with an. 
uniferm motion in the line CF; and fo the fem of the 
two bodies would: move .on with the center of gravity with- 
out end. In order to keep the fyftem in the fame place, 
it is neceffary; that when the planet received its impulfe in 
the dire@ion BE, the fun thould alfo receive fuch an im- 

pulfe the contrary way, as might keep the center of gra- 
vity C without motion ; for if thefe began once to move 
without giving any motion to their common center of gra~. 
vity, that center would always remain fixed. 


11, By this may be underftood in what manner the a- 
tion between the fun and planets is mutual. But farther, 
we have fhewn above », that the power, which a@s between 
the fun and primary planets, is altogether of the fame na- 
ture with that, which acts between the earth and the bo- 
dies at its furface, or between the earth and its parts, and 
with that which ads between the primary planets and their 
fecondary ; ; therefore all thefe aGtions muft be afcribed to 
the fame caufe‘. Again, it has been already proved, that 
in different planets the force of the fun’s aétion upon each at 
the fame diftance would be proportional to the quantity of {o- 
lid matter in the planet *; therefore the reaction of each planet 


2 Newt.Princ. Lib. I. prop. 63. 5 § 8. © Sce Introd. § 23. 9§ ayy. - 
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on the fun at the fame diftance, or the motion, which the fun 
would receive from each planet, would alfo be proportional 
to the quantity of matter in the planet; that is, thefe pla- 
nets at the fame diftance would aé& on the fame body with 
degrees of ftrength proportional to the quantity of folid mat- 
ter in each. ’ 


12. In the next place, from what has been now prov- 
ed, our great author has deduced this farther confequence, 
no lefs furprizing than elegant; that cach of the particles, 
out of which the bodies of the fun and planets are framed, 
exert their power of gravitation by the fame law, and in 
the fame proportion to the diftance, as the great bodies 
which they compofe. For this purpofe he firft demon- 
ftrates, that if,a globe were compounded of particles, which 
will attract the particles of any other body reciprocally 
in the duplicate proportion of their diftances, the whole 
clobe will attract the fame in the reciprocal duplicate pro- 
portion of their diftances from the center of the globe; 
provided the globe be of uniform denfity throughout * And 
from this our author deduces the reverfe, that if a globe aéts 
upon diftant bodies by the law juft now fpecified, and the 
power of the globe is derived from its being compofed of at- 
tractive particles; cach of thofe particles will attract after the 
fame proportion °. ‘Phe manner of deducing this is not {et 
down at large by our author, but is as follows. The globe is 


a Newt. Princ. pnilof. Lib. I. prop. 74 ' Ibid. coroll, 3. 
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fuppofed to act upon the particles of a body without it con- 
ftantly in the reciprocal’ duplicate proportion of their diftan- 
ces from its center; and therefore at the fame diftance from 
the globe, on which fide foever the body be placed, the 
globe will ad equally upon it. Now becaufe, if the parti- 
cles, of which the globe is compofed, aéted upon thofe with- 
out in the reciprocal duplicate proportion of their diftances, 
the whole globe would aé upon them in the fame manner as 
it does ; therefore, if the particles of the globe have not all 
of them that property, fome muft act ftronger than in that 
proportion, while others act weaker: and if this be the con- 
dition of the globe, it is plain, that when the body attracted 
is in fuch a fituation in refpeét of the globe, that the greater 
number of the ftrongeft particles are neareft to it, the body 
will be more forcibly attracted; than when by turning the 
globe about, the greater quantity of weak particles fhould 
be neareft, though the diftance of the body fhould remain 
the fame from the center of the globe. Which is contrary 
to what was at firft remarked, that the glcbe on all fides of 
it acts with the fame ftrength at the fame diftance. Whence it 
appears, that no other conflitution of the globe can agree to it. 


13. From thefe propofitions it is farther collected, that 
if all the particles of one globe attract al] the particles of an- 
other in the proportion fo often mentioned, the attradting 
globe will aét upon the other in the fame proportion to the 
diftance between the center of the globe which attradts, and 
the center of that which is attraéted*: and farther, that this 


* Lib.E Prop. 75, and Lib. UL. prop. &. 
propor {LOLs 
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proportion Molds true, though either or both the globes be 
eompofed of diflimilar parts, fome rarer and fome more 
denfe; provided only, that all the parts in the fame globe 
equally diftant from the center be homogeneous *, And 
alfo, if botlisthe globes attract each other * All which place 
it beyond contradiction, that this propartion obtains with as 
much exaétnefs near and contiguous to the furface of attra- 
cing globes, as at greater diftances from them. 


14. T Hus our author, without the pompous pretence of 
explaining the caufe of gravity, has made one very important 
ftep toward it, by fhewing that this power in the great bodies 
of the univerfe, is derived from the fame power being lodg- 
ed in every particle of the matter which compofes them: and 
confequently, that this property is no lefs than univerfal to 
all matter whatever, though the power be too minute to pro- 
duce any vifible effects on the {mall bodies, wherewith we 
converfe, by their aétion on each other’. In the fixed ftars 
indeed we have no particular proof that they have this pow- 
er; for we find no apperance to demonftrate that they ci- 
ther act, or are acted upon by it. But fince this power 
is found to belong to all bodies, whercon we can make 
obfervation; and we fee that it is not to be altered by any 
change in the form of bodies, but always accompanics them 
in every fhape without diminution, remaining ever pro- 
portional to the quantity of folid matter in cach; fucha 
power muft without doubt belong univerfally to all matter. 


« Lib. IL, Prop.76. » Ibid. cor.s. © Vid Lib. Prop. 7. coral. 1. 
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ty. Tus therefore is the univerfal law of matter; which 
recommends it felf no lefs for its great plainnefs and fim- 
plicity, than for the furprizing difcoveries it leads usto. By 
this principle we Jearn the different weight, which the fame 
body will have upon the furfaces of the fun;tand of di- 
verfe planets; and by the fame we can judge of the compo- 
fition of thofe celeftial bodies, and know the denfity of 
each ;_ which is formed of the moft compaét, and. which of 
the moft rare fubftance. Let the adverfaries of this philofo- 
phy reflect here, whether loading this principle with the 
appellation of an occult quality, or perpetual miracle, or 
any other reproachful name, be fufficient to difluade us from. 
cultivating it; fince this quality, which they call occult, leads 
to the knowledge of fuch things, that it would have been re- 
puted. no lefs than madnefs for any one, before they had been 
difcovered, even to have conjectured that our faculties fhould: 
ever have reached fo far. 


16. Sze how all this naturally follows from the forego-- 
ing principles in thofe planets, which have fatellites mov- 
ing about. them. By the times, in which thefe fatellites. 
perform their revolutions, compared with their diftances. 
from their refpeétive primary, the proportion between the: 
power, with which one primary attraéts his fatellites, and 
the force with which any other attracts his will be known; 
and the proportion of the power with which any planet 
attracts its fecondary, to the power with which it attradts a 
body at its furface is found, by comparing the diftance of 
the fecondary planet from the center of the primary, to 

the. 


